Energy security, cost of production and environmental constraints have necessitated the need for proper energy utilisation in the manufacturing industries. This work analysed energy and production data from an aluminium extrusion plant in Lagos, Nigeria for energy efficiency, exergy efficiency (or process efficiency), energy cost per unit of production, CO 2 emission and pollution rate index. The input-output energy analysis method was used to estimate the embodied energy intensity. The pollution rate, energetic and exergetic efficiencies were estimated from the exergy analysis. The CO 2 emission was estimated from IPCC guideline on greenhouse inventories and the energy cost of unit produce was estimated from energy cost accounting method. The five-year average thermal and electrical utilisation ratio was 45/55, which deviated from the 70:30 of the global best practices. The embodied energy intensity for the five years' ranges between 2.31 -162.3 GJ/t which is in excess of the recommended range of (2.9 -3.2 GJ/t). The mean energy efficiency for the five year was 79.4% and the mean exergetic efficiency was 57.8% indicating that production was well managed (>50%) with energy wastages very high in boiler energy conversion. The total energy used was 16 MJ and CO 2 emitted is 1.01 × 10 11 g during the study period. The average pollution rate index for the plant was 0.8695 indicating that the plant is negatively impacting the environment due to technological limitation of the energy conversion process employed in the manufacturing plant. The study reveals a distortion of the recommended best practice in energy balance ratio which accounted for the high average cost of production (₦ 4418.3/t); process efficiency was generally low thereby negatively affecting industrial output for the company.
Introduction
The integral driver of national economic development in the 21 st century is energy production. Throughout history, energy has played a leading role in society development. Without the energy to meet the ever-increasing world population food and material demand, the world would have been grind to a halt. Presently, energy and energy related services are the core values of the world leading companies.
Since the deregulation of the major energy market, the energy industry has witnessed one of the fiercest competitions as energy producers strive to drive cost saving through their business and to secure increasing share of the global market. The industrial sectors and other companies are faced with core issues such as energy security, political decision, environmental pressure, legal and technological challenges. Operational issues like finance, human resources management, marketing, information technology, production and corporate governance also play significant roles in the performance of these industries [1] . This importance in industrial energy usage has attracted serious attention as evident in the work of [2] [3] [4] and [5] In the literature, the quantification of the inherent potential of any energy material quantity to cause environmental change at a given set of conditions has been discussed in several ways. The most common one of those definitions is exergy. The non-inclusion of irreversibility made the first law of thermodynamics not suitable for energy efficiency evaluation. Exergy efficiency represents the second law efficiency which is the ratio of the exergy of product to the exergy of all input streams. Typically, the exergy efficiencies are lower than the energy efficiencies because of the input exergy destruction due to irreversibility. Exergy analysis is an effective tool that combines the second law of thermodynamics with law of conservation of mass and energy for design and analysis of energy systems, improving efficiency, revealing possibility of improved systems, addressing environmental impact and identifying sustainability [6] .
The use of exergy analysis to assess the energy utilization of a system (Country/ factory) was performed by Reistad [7] , who applied it to United States of America. Since then, countries like Canada [8] , Japan, Finland, Sweden [9] [10] [11] , and Turkey [12] [13] have also been analysed using the modified version of the technique. Exergy analysis has also been applied to aluminium recovery processes [14] , die casting [15] and aluminium holding furnace [16] .
Energy consumption of South Africa industrial sector has been analysed using energy-exergy analysis by Oladiran and Mayer [17] . In Nigeria, Diji [18] analysed the energy-exergy utilization as well as the CO 2 emission patterns in cement manufacturing industries. The application of exergy analysis to various local indus- In this study, exergy analysis is used to estimate the efficiency of energy conversion in the aluminium extrusion process and the total pollution rate of the process.
Methodology
Energy and production data collected from the aluminium extrusion plant were analysed for the embodied energy intensity, efficiency of energy use, pollution rate, CO 2 emission and energy cost of production. The primary data collected were: 1) Fuel consumption (diesel) for energy value estimation.
2) Main supply data as electricity bills (KWh).
3) Volume of production output (in tonnes). The general outlay of the research layout is shown in Figure 1 .
Net Energy Analysis
The embodied energy intensity or the primary energy requirement for the production of one unit of a product is estimated using the Net Energy [Input-Output Energy Analysis (IOEA)] method. The embodied energy intensity is defined as [24] :
TEUS is the total energy used in the sector and TQPS is the total quantity of product in the sector.
In this method, the inputs are arranged in a matrix form, normalized to one unit. This matrix is one way to represent the technologies for all goods and services in the industries. The energy balance of a particular product is given by: where e is a unit vector, which shows the energy sector row of ( ) 
Î AX =
where X is the diagonal matrix whose elements represents the total output from each sector.
Exergy Analysis
Exergy is that part of energy that is convertible into all other forms of energy.
The expressions used in the exergy analysis are expressed below ( Table 1) .
The expressions for energy efficiency (η) and exergy efficiency (ψ) for the main types of processes in this work are as follows:
Energy in product Exergy in product , Total energy input Total exergy input
The particular efficiencies are listed in Table 2 [23].
The Total Pollution Rate
The index of measurement for pollution rate is given by [29] B product is the Useful energy, B loss is mainly due to inner friction, B waste is the energy of solid and liquid waste from product and air emissions. B input is the sum of B fuel , B elasticity and B others that are applied to the production process [25] .
Heat transfer
is the temperature of the environment, T is the temperature at which the heat transfer takes places, Q is heat transfer rate. [26] , φ is 1.07 and for natural gas, it can be approximated as 0.94 [27] quoted in [28] . HHV = higher heating value.
Control mass ( )
Control volume ( ) 1053 Engineering house Gas inventories [30] .
1) Estimation of fuel consumption in original unit.
2) Conversion to common energy unit.
3) Calculation of carbon content by multiplying with emission factor. other unit cost estimation [23] are presented in Table 3 .
Results and Discussion

Energy Consumption and Utilization Efficiency
The source of energy at the Nigalex Aluminium Extrusion Plant, Oshodi, Lagos, Nigeria include diesel generators, diesel fuelled boilers (as thermal energy carriers) and PHCN as main electricity supply. As shown in Table 4 below, the major energy source for the operation of this industry is from diesel i.e. thermal:
electrical.
The mean energy balance between diesel generators and main electricity supply generator, boiler and main utility are shown in Figure 2 .
Exergy Analysis
The exergy analysis reveals a 99.91% transformation of electrical energy to electrical Exergy, a 36.75% transformation of boiler energy to boiler exergy and 99.90%
for the total energy as shown in Figure 3 . This means that the quality of the energy produced in boiler was very low that is, wastages were very high in boiler energy
conversion.
The Figure 3 shows that high generator fuel consumption largely affects the total energy efficiency adversely and the better the energy mix, the higher the efficiencies.
The exergy values were all slightly below the energy values and graphically follow the same trend in the period under review as shown in Figure 4 .
Process Efficiency
As shown in Table 5 terotechnologically with the process efficiency greater than 50% [32] . In year 2010, the low process efficiency was attributed to the poor energy mix of 37/63 (Table   4 ) in that year. Generally, the plant is being slightly efficiently run at 57.8% (mean process efficiency for the five years).
Pollution Rate
With reference to Table 5 
Embodied Energy Intensity
The estimated values of the Embodied Energy Intensity for the five years under review are shown in 
Carbon IV Oxide Emission
The Green House Gas (GHG) estimated for the five years in this manufacturing plant is carbon IV oxide (CO 2 ). The total CO 2 emission for the five-year period was 0.1007 Mt with an average of 0.0202 Mt of CO 2 annually with the environment.
As shown in Figure 6 , the worst year of this GHG emission for this particular industry was 2010 and 2008, even though this was not the year with the highest total energy application and the least quantity was emitted in the year 2010 despite the fact that these was not the year with the least total energy usage. However, this is explainable by the energy supply mix for these years; it was observed that the energy balance ratio deviated significantly from the recommended 70/30.
Economic Analysis of Energy Usage in the Manufacturing Plant
The mean annual overall energy unit cost and the mean overall exergy unit cost for this manufacturing plant are shown in Figure 7 . Comparing this trend of overall energy and exergy unit cost with the trend of energy and exergy efficiency, it shows that the highest mean annual overall energy unit cost of production (₦ Further observation of the trends of these parameters reveals that there is an inverse relationship between the energy/exergy efficiency and the overall energy/ exergy unit cost of production as shown in Figure 7 .
Conclusions
The energy and production data of the aluminium extrusion plant was analysed for energy and exergy utilisation, greenhouse emission and economy of energy usage. It can be concluded that:
The company energy mix is disproportionate to the best practices. The plant is run averagely efficiently with the majority of exergetic losses occurring in the boiler. The pollution rate index is high and it is due to the energy conversion methods. The high greenhouse emission from the plant is also as a result of poor energy mix. The high cost of production is attributable to the poor energy and exergy supply mix.
In other word, to improve the process efficiency, an improvement technology should be applied in the manufacturing process. The energy mix of 70/30 should be adhered to economic, efficient and environmental friendly operation. 
